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ABSTRACT 

Background: Healthy, full-term, exclusively breastfed infants are expected to lose weight in the first days following 
birth. There are conflicting opinions about what constitutes a normal neonatal weight loss, and about when interven- 
tions such as supplemental feedings should be considered. 

Objective: To establish the reference weight loss for the first 2 weeks following birth by conducting a systematic review 
of studies reporting birth weights of exclusively breastfed neonates. 

Methods: We searched 5 electronic databases from June 2006 to June 2007: the Cochrane Database of Systematic 
Reviews; MEDLINE (from 1950); CINAHL (from 1982); EMBASE (from 1980); and Ovid HealthSTAR (from 1999). 
We included primary research studies with weight loss data for healthy, full-term, exclusively breastfed neonates in 
the first 2 weeks following birth. 

Results: Eleven studies met the inclusion criteria. Definitions, types of measurements, and reporting styles varied among 
studies. In most studies, daily weights were not measured and measurements did not continue for 2 weeks. Mean weight 
loss ranged from 5.7% to 6.6%, with standard deviations around 2%. Median percentage weight loss ranged from 3.2 to 8.3, 
with the majority around 6%. The majority of infants in these 11 studies regained their birth weight within the first 2 weeks 
postpartum. The second and third days following birth appear to be the days of maximum weight loss. 

Discussion: Methods used to report weight loss were inconsistent, using either an average of single lowest weights or a 
combination of weight losses. The 7% maximum allowable weight loss recommended in 4 clinical practice guidelines 
appears to be based on mean weight loss and does not account for standard deviation. Further research is needed to 
understand the causes of neonatal weight loss and its implications for morbidity and mortality. 
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INFANT WEIGHT MEASUREMENT IS ONE OF THE TOOLS 
most frequently used to assess breastfeeding ad- 
equacy. Neonates receive only small amounts of 
fluids in the first days following birth, 1 and they tend to 
lose weight before they begin to gain weight. 2 Excessive 
weight loss or inadequate weight gain can be indications 
of low milk production or of insufficient milk transfer. To 
ensure adequate intake and, at the same time, to avoid 
inappropriate supplementation, parents and profession- 
als need evidence to assess patterns of neonatal weight 
change and to make decisions about infant feeding. 



Expert opinions and guidelines disagree about what 
constitutes a normal neonatal weight loss. How much 
weight loss should be considered a red flag? What is the 
upper limit that indicates intervention is required? We 
did a systematic review to answer the question, "What 
is a normal physiological weight loss for full-term ex- 
clusively breastfed infants in the first 2 weeks following 
birth?" 

We made 3 assumptions. First, neonatal weight loss in 
the first days following birth is expected, and we there- 
fore refer to such weight loss as physiological weight 



Open Medicine 2008;2(3):e1 1 



RESEARCH 



NOEL-WEISS ET AL. 



Textbox 1 : Basic search string for this systematic review 

1 . (infant or neonate or newborn or baby or neonatal). mp. 
[mp=ti, ot, ab, nm, hw] 

2. (breastfeeding or breast-feeding or breast feeding). mp. 
[mp=ti, ot, ab, nm, hw] 

3. (full-term or fullterm or term).mp. [mp=ti, ot, ab, nm, hw] 

4. (weight or weight loss or"birth weight"or birth weight). mp. 
[mp=ti, ot, ab, nm, hw] 

5. (postnatal or post natal). mp. [mp=ti, ot, ab, nm, hw] 

6. weight.m_titl. 
7. 4 or 5 or 6 

8. 1 and 2 and 3 and 7 



Note: "mp." indicates that a term was searched as a key word 
(including ti = title, ab = abstract; nm = name of substance word, 
etc.), whereas "m_titl." indicates it was searched for in titles only 



loss. Second, to define abnormal or pathological weight 
loss, we need evidence of what would be considered a 
normal or reference weight loss. Third, we expected to 
find observational studies (e.g., cohort, case-control) 
rather than randomized controlled trials (RCTs) in our 
search. The nature of the research question and the im- 
plications of the answer for the care of breastfed infants 
require a rigorous methodology. Therefore, we chose to 
complete a systematic review even though we sought evi- 
dence for parameters of weight loss and not for optimal 
interventions. 

Methods 

Search methods. Two of us (JNW, GC) completed sep- 
arate database searches through our respective university 
libraries. We searched 5 electronic databases from June 
2006 to June 2007: the Cochrane Database of Systematic 
Reviews, MEDLINE (from 1950); CINAHL (from 1982); 
EMBASE (from 1980); and Ovid HealthSTAR (from 1999). 
Boolean searches using alternative spellings of key words 
were run multiple times (see Textbox 1). Boolean searches 
were also completed using Google and Scirus search en- 
gines. We identified relevant clinical practice guidelines 
(CPGs) and used their reference lists to ensure a thorough 
search. We did not restrict our search by dates, study de- 
sign (all research methods were considered), language, or 
country of origin. 

Inclusion criteria. We included only primary research 
studies that reported data about weight loss occurring 
in the first 2 weeks following birth. We defined primary 
research as research undertaken by the authors, and 
we included systematic reviews and secondary analyses 
of data sets. The "primary research" criterion allowed 
for the inclusion of research studies that collected data 
about weight loss as part of their protocol, even if their 
research was not intended to be about weight change 
patterns. We excluded cited research, narrative reviews, 
and reports that did not measure and report individual 
weight loss. 

We included studies of healthy, full-term, singleton, 
breastfed babies. We defined full-term as a gestation 
of more than 259 days (36 6/7 weeks), 3 and we defined 
breastfeeding (i.e., exclusively breastfed) as fed only 
breast milk, whether at breast or by bottle, with no other 
food or liquids, including water, with the exception of 
medicines, vitamins or minerals. 4 We excluded studies 
of infants fed or supplemented with formula, and pre- 
term, near-term, or multiples (e.g., twins, triplets), un- 
less data for full-term, singleton, exclusively breastfed 
infants were reported separately. 



Data abstraction and analysis. We conducted sep- 
arate searches and abstractions. First, articles were 
screened and retrieved based on their titles and abstracts 
(see Fig. 1 for methodological steps). In the next step, 2 
of us (JNW, GC) used an abstraction form developed for 
this systematic review to analyze screened studies to de- 
termine eligibility for inclusion. Results were compared 
to reach a consensus. Six authors were contacted for 
clarification. 5-10 

We constructed tables and examined key aspects of 
each study: research design, population size, types and 
timing of data collection, methods for measurement, def- 
initions of breastfeeding, and elements of reporting. We 
used descriptive statistics from the studies. In one case, 
to answer the research question, we had to re-analyze 
data in order to pool the study subjects to obtain an aver- 
age for the whole group. 11 

Results 

Eleven studies met the inclusion criteria (see Table i). 6 ~ 
8,11-18 -p en 0 f foe studies were observational. One study, 
an RCT, 12 provided data from the control arm that we 
used. With one exception, all were prospective studies 
in which data were collected on the basis of a research 
question. The one exception was a secondary analysis of 
data. 14 Six of the 11 studies researched non-weight topics 
but provided data about weight change patterns. Nine of 
the studies were reported in English, one in French, and 
one in Croatian. Studies were conducted in Bangladesh, 
France, India, Italy, Jamaica, Scotland, Serbia, Spain, 
Sweden, and the United States. 

Authors of the included studies reported the amount 
and timing of weight loss using a variety of descriptive 
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statistics (see Table l, under Study Results). None of the 
studies provided morbidity or mortality statistics. Ex- 
amples of excluded studies and rationales for their ex- 
clusion are provided (see Table 2). 5 9 ' 10 ' 19 " 29 

Potentially relevant studies identified with basic 
search string: 

Cochrane Database of Systematic Reviews — 107 

MEDLINE (from 1 950) — 539 

CINAHL (from 1982) — 129 

EMBASE (from 1 980) — 407 

HealthSTAR (from 1 999) — 360 

Reference lists from retrieved articles and from 

clinical practice guidelines were also examined. 



Articles excluded because population 
clearly did not meet inclusion criteria 
(e.g., preterm or not breastfed) 

69 articles retrieved for detailed evaluation 



Researchers compared lists to ensure 
the same set of articles was abstracted 



v 

Articles abstracted independently by 2 researchers 
using an abstraction form developed for this 
systematic review 



Articles excluded because they were 
not primary studies, infants received 
supplemental feeding, weight data for 
first 2 weeks were absent, or infants 
were not healthy 

v 



Researchers compared their results and reached 
consensus about studies that met the inclusion 
criteria 



Inclusions and exclusions modified as 

researchers compared results 

V 



1 1 studies met inclusion criteria 



Figure 1 : Methodological steps 
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Appraisal of included studies. The studies included 
in this review represented several different cultures. In all 
studies, measurements started from birth. The popula- 
tions were comparable in age, but the length of time for and 
frequency of weight measurements were not comparable 
across studies. Sample sizes varied from 21 to 937, with a 
median of 120. All but one study had more than 40 subjects. 
Most studies had convenience, not random, samples. 

Measurement bias occurred in many of the studies 
that met the inclusion criteria. The frequency of weigh- 
ings was inadequate. Most of the studies weighed the 
infants daily while they were in hospital, but not after 
discharge. The lack of measurements makes determin- 
ing lowest weight and normal patterns of weight loss im- 
possible. The fact that most of the research studies were 
not primarily intended to study weight explains some 
of the variations. In one study, researchers completed 
a secondary analysis of data and reported maximum 
weight loss, even though infants were weighed only twice 
over a 2-week period. 14 With only 2 weights measured in 
2 weeks, it is not possible to determine the lowest weight, 
or when it was reached. 

Definitions for breastfeeding and weight loss, as well 
as inconsistencies in approaches and reporting methods 
for descriptive statistics, were problematic. Most stud- 
ies did not specify a definition of breastfeeding. In 1 
case, the term "exclusively breastfed" was used, but later 
in the report we found that infants who received water 
or glucose water were included. 10 Neonates frequently 
had substantial weight loss, in which case supplemen- 
tationmight be expected, but researchers rarely identi- 
fied when the infants received supplemental feeding. 
Without a clear definition of breastfeeding, and without 
clear reporting of supplementation, it is difficult to dis- 
cern supplemented from exclusively breastfed neonates 
(i.e., nothing by mouth except breast milk and, possibly, 
medicines or vitamins). We contacted authors to estab- 
lish the definition of breastfed infants in their studies, 
and we only included study data that met our definition. 

Definitions of weight loss varied. Maximum weight 
loss for an infant could be the lowest single weight or it 
could be an average of the daily losses. Furthermore, a 
mean loss for the study group could be each infant's one 
lowest weight, pooled and averaged, or all of the infants' 
weight losses averaged for the group. The size of the sam- 
ple often varied within a study (i.e., smaller sample on 
day 3 than on day 1) due to attrition and this fact compli- 
cates calculations of mean weight loss. 

There are some inconsistencies as to whether the day 
of birth was counted as day o or day 1, a detail that may 
cause confusion with regard to expectations as to when 
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infants should begin to gain weight. Health status and 
the infants' status as singletons or multiples were often 
not clear; we contacted authors for clarification on these 
points when necessary. If the subjects were referred to 
as dyads (i.e., mother and infant) we presumed the neo- 
nates to be singletons; we assumed infants to be healthy 
if they were discharged to home. 

Among the 11 studies included in this review, 1 study 
stands out. The study by MacDonald et al. 15 followed in- 
fants for 14 days. The infants were weighed daily while 
in hospital but intermittently after discharge. The re- 
searchers took this factor into account by reporting 
changes as medians. Based on the results of this study, 
it appears that weight loss of up to 12% of birth weight is 
experienced by about 95% of neonates. 15 Within a range, 
the first day to begin regaining weight is around day 4, 
and infants regain their birth weight around day nine. 15 
Although the longer follow-up period of this study is a 
strength, the lack of daily weights weakens the findings. 

Amount of weight change. Weight loss patterns were 
described in terms of amount and timing, and the wide 
range of data descriptions made it difficult to compare 
or combine study results. In 10 of the 11 included stud- 
ies, weight change was measured as amounts of weight; 
the 11th study reported weight patterns based solely on 
the timing of changes. 6 In the 10 studies that reported the 
amounts of weight change, 8 types of descriptive statistics 
are used to express the amount of weight change: (1) mean 
weight loss; 8111218 (2) median weight loss; 8 - 1516 (3) range of 
weight change; 111416 (4) number of subjects over or under 
a percentage lost; 111314 (5) amount in grams or kilograms 
lost or gained; 71218 (6) percentile data; 15 (7) mean change; 14 
and (8) weight change by parity or birth type. 17 

Mean weight loss ranged in the studies from 5.7% to 
6.6%, with standard deviations hovering around 2% (see 
Table 1). 81118 Whether mean percentage represented the 
average of maximum daily weight loss measurements 
(i.e., 1 measurement per neonate) or an average of all 
weights taken is not clear. Manganaro et al. 11 divided 
their subjects into 2 groups (< 10% and > 10%); pooling 
the results, we determined that the average for the group 
as a whole was 5.9%. Median percentage weight loss 
ranged from 3.2% to 8.3%, with the majority of reported 
medians around 6%. 8 ' 15,16 

The authors who reported the range of weight change 
had collected data for 72 hours to 24 days, and the range 
in these studies varied from a loss of 14.3% to a gain of 
15.3%. 24 ' 26 ' 28 Authors of 3 papers grouped subjects ac- 
cording to the percentage of weight change. For example, 
DeMarzo et al. 14 report that 8.7% of infants lost more 



than 7% of their birth weight, whereas Bhat et al. 13 found 
6.8% lost more than 10% of birth weight, and Manganaro 
et al. 11 found 7.7% lost more than 10% of birth weight. The 
choice of 7% or 10% for grouping the sample appears to 
be an arbitrary demarcation for substantial weight loss. 

Jolly et al., 7 Martin-Calama et al., 12 and Muskinja- 
Montanji et al. 17 report the number of kilograms or grams 
neonates lost or gained. Martin-Calama et al., 12 describe 
mean weight losses that peaked at 48 hours, after which 
mean gains begin. Muskinja-Montanji et al. 17 report 
weight loss in grams by parity; and the days that most in- 
fants lost weight were day 2 and 3. Contrary to the other 
studies showing weight loss in the first 2 days, Jolly et 
al. 7 report substantial weight gains, with 90% of the study 
infants averaging a gain of 230 grams by the third day. 

Three authors were unique in their reporting of weight 
changes. DeMarzo et al. 14 report the mean change be- 
tween 2 weights (around day 5 and day 10) measured at 
post-discharge clinical visits. MacDonald et al. 15 demon- 
strate the upper limit of weight loss in their study, by stat- 
ing that the 95th percentile is 11.8%. Rodriguez et al., 18 in 
their study of body composition, report average weights 
for 3 days, but do not provide data about the change. 

Timing of weight change. Some of the researchers 
looked at the day on which the lowest weight (i.e., the na- 
dir) was reached and the day on which neonates regained 
their birth weight. Five approaches were used to describe 
the timing of weight change: (1) the day the infants re- 
gained their birth weight; 615 (2) the percentage of infants 
who gained or lost on a particular day; 1314 (3) the day of 
lowest weight; 17 (4) weight change by parity or birth type; 17 
and (5) median for both number of days losing weight and 
days to regain birth weight. 15 

In the studies that report the amount of time it took 
for infants to regain their birth weight, the majority of 
infants regained their birth weight within the first 2 
weeks. Hossain et al. 6 found 91.57% had regained initial 
weight by day 14, and DeMarzo et al. 14 state that 88.7% 
infants were back to birth weight by the second clinic 
visit (average day 10). 

The day of lowest weight is reported by Michel et al. 8 
as day 1 and 2, and by Muskinja-Montanji et al. 17 as day 
2 and 3. In each study, the 2 combined days account for 
about 90% of the sample. The discrepancy seems to be a 
matter of counting the day of birth as day o or day 1 and 
then the second 24 hours as day 1 or day 2. 

Hossain et al. 6 and Jolly et al. 7 identify the day infants 
began to gain weight, with very different results: 56.25% 
by day 5 and 90% on day 3, respectively. This discrepancy 
is an outstanding feature; with only 2 studies describing 
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weight change in this manner, it is difficult to determine 
which is the outlier. 

Two authors have unique methods of reporting. Mac- 
Donald et al. 15 report the median number of days of 
weight loss and the median day to regain birth weight 
as 2.7 and 8.3 respectively. Manganaro et al." note that 
infants in their study who were born vaginally reached 
their lowest weight between day 3 and 4, and infants de- 
livered by cesarean section reached their lowest weight 
between day 4 and 5. 

Review of clinical practice guidelines. Clinical 
practice guidelines (CPGs) are defined as "systematic- 
ally developed statements [based on best available evi- 
dence] to assist practitioner and patient decisions about 
appropriate health care for specific clinical circum- 
stances." 30 Four key CPGs, among others, were found 
during searches for this systematic review. 31 34 Three of 
the guidelines 31-33 are about overall breastfeeding, and 1 
deals specifically with supplementation. 34 

These CPGs on breastfeeding advise against supple- 
mentation (i.e., replacement breastfeeds) as a standard 
or casual practice, and they recommend outer limits for 
weight loss. The American Academy of Pediatrics 31 states: 
"Weight loss in the infant of greater than 7% from birth 
weight indicates possible breastfeeding problems and 
requires more intensive evaluation of breastfeeding and 
possible intervention to correct problems and improve 
milk production and transfer." The International Lacta- 
tion Consultant Association 32 and the Registered Nurses' 
Association of Ontario 33 specify that a loss of more than 
7% of birth weight, continued loss after day 3, or failure 
to regain birth weight within a minimum number of days 
(i.e., 10 days 34 or 2-3 weeks, 33 respectively) are signs of 
ineffective breastfeeding. The Academy of Breastfeeding 
Medicine 34 advises "Possible indications for supplementa- 
tion in term, healthy infants [include] weight loss of 8% to 
10% accompanied by delayed lactogenesis (day 5 or later)." 

These guidelines presume that some weight loss is ex- 
pected and too much weight loss is a sign of inadequate 
milk intake due to low milk supply or ineffective milk 
transfer. The consensus indicates a weight loss in excess 
of 7% is cause for further assessment and possible inter- 
vention. Several of the studies screened for this review 
are referenced in these CPGs. 

Discussion 

We found insufficient evidence to answer the question, 
"What is a normal physiological weight loss for full-term 
breastfed infants in the first 2 weeks following birth?" We 
found gaps in relevant data collection and reporting. For 



instance, weights were not measured daily after discharge 
and sample size varied within a report due to attrition. 

Two difficulties arise when CPGs propose a single, 
absolute number as the maximum weight an infant 
can safely lose. First, an absolute number does not take 
ranges into account. A recommendation based on obser- 
vations of a mean loss of 7% of birth weight, assuming 
such recommendations are derived from samples with 
normal distributions, needs to take standard deviations 
into account. For example, a mean weight loss of 6.9% 
with a standard deviation of 3.07, as Maisels et al. 24 re- 
port in their study, indicates that about 68% of all infants 
would experience a weight loss of between 4.0% and 
9.8%, and that about 95% of all infants would experience 
a weight loss of between 1.0% and 12.7%. 

Second, when distinguishing a physiological from a 
pathological weight loss, an absolute number may cause 
health care professionals to miss red flags. For example, 
a 3-day-old infant with a 7%-io% weight loss is probably 
reaching his or her lowest weight before gaining, and this 
child would be in a different situation than a 9 -day-old 
infant who weighs 10% less than his birth weight. Not 
only has the 9 -day-old infant lost weight, but he or she 
has not regained and is therefore further behind than 
the 3-day-old infant. An absolute number in this case is 
deceptive. 

Strengths and limitations of the systematic re- 
view. The strengths of this review include adherence 
to a rigorous methodology. For example, 2 researchers 
independently completed literature searches and ab- 
stractions, and follow-up collaboration ensured that 
the articles were analyzed multiple times. Our group 
includes experienced clinicians familiar with current 
lactation research and the issues involved with breast- 
feeding (e.g., definition of breastfeeding, significance of 
supplementation) and experts in statistical analysis. 

An important limitation of our study was that our re- 
search question did not take into account morbidity and 
mortality. Given the research question and the inclusion 
criteria established for this systematic review, no studies 
were specifically sought to provide evidence suggesting 
a point, by weight or time measurement, when weight 
loss presents a health risk. We did find that weight loss 
did not always have clinical indicators. For example, 
substantial weight losses were not always paired with 
hypernatremia. 1113 ' 22 ' 29 

Identifying what appears to be a normal weight loss 
leaves the reader with the question, "So, what if weight 
loss is outside of normal parameters?" It also became ap- 
parent as we analyzed the included studies that not all 
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weight loss is physiological: there are demographic and 
iatrogenic factors that affect weight loss, including feed- 
ing and non-feeding factors. The research question and 
the inclusion criteria for articles sought in this systematic 
review do not illuminate these factors. 

Recommendations for further research. Future 
research should include measures of morbidity and mor- 
tality and consider factors affecting weight loss. Morbid- 
ity and mortality rates and their relationship to weight 
loss must be established to determine the point when 
interventions are required to prevent illness and protect 
health. Assessment of effective breastfeeding and de- 
cisions about supplementation must be based on more 
than weight loss. The underlying assumption is that 
weight loss is directly related to inadequate intake, due 
to either a lack of milk supply or ineffective milk transfer. 
There appear to be confounding factors (e.g., factors that 
are not natural or biological imperatives), as evidenced 
by the variations in mean weight losses. 

We found evidence of patterns of weight loss, but we 
did not identify a relationship with morbidity or mortal- 
ity. The data we found did not provide information about 
the implications of a 7% weight loss or a 10% weight loss. 
Recognizing weight change patterns helps clinicians 
identify red flags, but assessment cannot stop there. 
The implications of the weight loss must be understood. 
Such evidence would ensure that interventions such as 
supplementation are not based solely on maintaining an 
infant's weight within pre-established norms. 

Research is also needed to determine if weight loss is 
due solely to inadequate intake. There appears to be iat- 
rogenic weight loss, since we found studies that demon- 
strate that birthing practices, hospital routines, and birth 
experiences are associated with the amount of weight 
lost. Researchers should consider the amount of stool- 
ing and voiding that might also contribute to neonatal 
weight loss. For instance, there is some evidence that 
infants born to mothers who received rv fluids during 
parturition experience greater weight loss, and excess 
neonatal diuresis could be the reason. 3536 Studies are 
needed to understand such factors and how they might 
affect weight loss. 

This systematic review was completed to determine 
the reference weight loss in the first 2 weeks following 
birth. Although there is some strong, consistent evidence 
regarding weight loss patterns in the first few days, the 
results of our systematic review suggest that further 
questions need to be answered before a normal range 
for neonatal physiological weight loss can be established 
and indications for interventions can be determined. 
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